Numerous neuroimaging studies have revealed that in young adults, remembering the past and imagining the future engage a common core network. Although it has been observed that older adults engage a similar network during these tasks, it is unclear whether or not they activate this network in a similar manner to young adults. Young and older participants completed two autobiographical tasks (imagining future events and recalling past events) in addition to a semantic-visuospatial control task. Spatiotemporal Partial Least Squares analyses examined whole brain patterns of activity across both the construction and elaboration of autobiographical events. These analyses revealed that that both age groups activated a similar network during the autobiographical tasks. However, some key age-related differences in the activation of this network emerged. During the construction of autobiographical events, older adults showed less activation relative to younger adults, in regions supporting episodic detail such as the medial temporal lobes and the precuneus. Later in the trial, older adults showed differential recruitment of medial and lateral temporal regions supporting the elaboration of autobiographical events, and possibly reflecting an increased role of conceptual information when older adults describe their pasts and their futures.
Introduction
A rapidly growing number of studies have begun to examine how memory is used to imagine or simulate possible future events (for reviews, see Schacter, Addis, & Buckner, 2007 Suddendorf & Corballis, 2007; Szpunar, 2010) . These studies have revealed striking similarities between remembering the past and imagining the future. Neuropsychological evidence indicates that some amnesic patients with medial temporal lobe damage exhibit deficits in imagining future or novel events (Hassabis, Kumaran, Vann, & Maguire, 2007; Klein, Loftus, & Kihlstrom, 2002; Kwan, Carson, Addis, & Rosenbaum, 2010; Tulving, 1995; cf., Maguire, Vargha-Khadem, & Hassabis, 2010; Squire et al., 2010) , and neuroimaging studies show that similar brain regions are active when remembering the past and imagining the future (Addis, Pan, Vu, Laiser, & Schacter, 2009; Addis, Wong, & Schacter, 2007; Botzung, Denkova, & Manning, 2008; Okuda et al., 2003; Szpunar, Watson, & McDermott, 2007; Weiler, Suchan, & Daum, 2010a) . Such findings have led to the suggestion that a core brain network (also known as the autobiographical memory retrieval network, or the default network; henceforth referred to as the core network), including medial temporal lobe, posterior cingulate/retrosplenial cortex, lateral parietal cortex as well as medial prefrontal and lateral temporal cortices, supports both past and future episodic events (cf., Addis et al., 2007 Addis et al., , 2009 Buckner & Carroll, 2007; Spreng, Mar, & Kim, 2009 ).
These observations have led us to propose the constructive episodic simulation hypothesis , which holds that simulations of specific episodes in the past and future draw on similar information and rely on similar underlying processes, and that episodic memory supports the construction of future events through the extraction and recombination of stored information into a simulation of a novel event. Related theories, such as the scene construction hypothesis also emphasize the importance of retrieving relevant information from memory and integrating these 'information components' into coherent scenarios.
Despite the striking similarity of the neural network engaged by remembering and imagining, there are some important differences. It has been shown that the construction of future events differentially engages several regions of this network, including the medial temporal and prefrontal regions (Addis, Cheng, Roberts, & Schacter, 2011; Addis et al., 2007 Addis et al., , 2009 Okuda et al., 2003) . Other studies, however, report increased activation during remembering relative to imagining, in posterior visuospatial cortices Weiler, Suchan, & Daum, 2010b) , medial parietal cortex Weiler et al., 2010a) and medial temporal regions (Abraham, Schubotz, & von Cramon, 2008; Botzung et al., 2008; Okuda et al., 2003; Weiler et al., 2010a) . However, it is important to note that in many studies reporting this past > future effect in medial temporal regions, the future event task did not require online construction of a novel future scenario (e.g., Abraham et al., 2008; Botzung et al., 2008 ; see Addis et al., 2011 , for further discussion of this issue).
Overall, it appears that actively imagining future events requires additional medial temporal resources, likely supporting recombination of details into a coherent episodic event, while remembering engages medial parietal regions supporting the increased episodic detail comprising representations of events that actually occurred (Johnson, Foley, Suengas, & Raye, 1988) .
Motivated by these findings and the constructive episodic simulation hypothesis, we recently extended this research to cognitive aging (Addis, Wong, & Schacter, 2008) . Research by Spreng and Levine (2006) had provided initial evidence of age-related changes in future simulation, with older adults generating future events that were closer to the present than those generated by younger adults (for evidence concerning age differences when older and younger adults think about their future hopes, aspirations, duties, and obligations, see Mitchell et al., 2009) . We used an adapted version of a paradigm developed by Levine, Svoboda, Hay, Winocur, and Moscovitch (2002; see also St. Jacques & Levine, 2007) , in which older and younger adults remembered past events or imagined future events in response to word cues. As demonstrated by Levine et al., memories of past events generated by older adults contained less episodic and more generic content than those remembered by young adults. We replicated this finding and also reported that the same pattern was evident for future events: older subjects provided fewer specific episodic details about imagined experiences (e.g., what, when, and where) than young adults and instead produced more general conceptual information, such as facts, associations, and the like. In a follow-up study, we reported similar results with a paradigm in which older and younger participants imagined past and future events using recombined elements of actual experiences (Addis, Musicaro, Pan, & Schacter, 2010) . In both of these studies, the number of episodic details generated when describing past and future events were significantly correlated, and like young adults, older adults produced significantly more episodic details for events that had actually occurred relative to those that were imagined. There is evidence to suggest, however, that when required to recombine episodic details into a coherent future event, older adults are less able to integrate key details than younger adults .
Although the foregoing studies provide initial insights into cognitive aspects of age differences in past and future events, the neural underpinnings of these age differences remain unclear. Neuroimaging studies have investigated the neural basis of past autobiographical events in older adults. For example, Viard et al. (2007) demonstrated that when remembering past events (relative to a control task), older adults engaged many regions of the core network reported in studies with young adults (cf. Cabeza & St. Jacques, 2007; Svoboda, McKinnon, & Levine, 2006) , including bilateral hippocampal regions. More recently, Viard et al. (2011) reported that the same group of participants activated this same network, including the hippocampus (albeit at a subthreshold level for the right hippocampus), when thinking about already planned future events. In contrast to previous findings in young adults, no differential activation of the hippocampus was evident for future relative to past events, although it is important to note that participants were likely retrieving representations of these planned events, rather than constructing them, and that only half of these future events were classed as episodic in nature. However, it was found that the episodic quality of past events correlated with hippocampal activity, while for future events it correlated with inferior frontal and lateral temporal activity. Although this study revealed some past-future differences within older adults, it cannot speak to the neural underpinnings in the age-related reductions of episodic content of past and future events due to the lack of a young control group.
Although Viard et al. (2007) found that older adults engage bilateral hippocampus during past event retrieval, studies directly comparing neural activity in young and older adults have reported age-related differences. Maguire and Frith (2003) found that older adults engaged the left hippocampus to the same level as young adults; moreover, older adults also exhibited bilateral hippocampal activity, differentially recruiting the right hippocampus. In addition, more recent work has revealed some hippocampal differences during autobiographical memory retrieval (St. Jacques, Rubin, & Cabeza, in press ). These findings highlight the need to compare directly old and young adults during both remembering the past and imagining the future.
The present study used fMRI to determine whether there are age-related changes in the neural activity associated with remembering the past and imagining the future. While previous fMRI studies suggest that older adults can engage regions comprising the core network when remembering and imagining, it remains unknown whether and how activation patterns during the active construction of past and future events differ in older and younger adults.
Materials and methods

Participants
Twenty young and twenty older right-handed adults with no history of neurological or psychiatric impairment gave informed written consent in a manner approved by the Harvard and Massachusetts General Hospital Institutional Review Boards. All older adults had a Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) score of 27 or higher, excluding dementia. Six young and six older adults were excluded due to technical difficulties, anatomical abnormalities detected during scanning, excessive motion, claustrophobia or insufficient responding. Thus, data from 14 young (8 males; mean age, M = 19.50 years, SD = 2.14) and 14 older adults (8 males; age, M = 72.93 years, SD = 4.98; Mini-Mental State Examination, M = 29.07, SD = 1.07) were analyzed. These older adults were significantly more educated (M = 15.50 years, SD = 3.35) than the younger adults (M = 13.25 years, SD = 1.55), t (18) = −2.28, p = .035.
Stimuli
Cue words were 125 nouns selected from the Clark and Paivio (2004) extended norms. All were high in Thorndike Lorge frequency (M = 1.55, SD = .42), imageability (M = 5.77, SD = .40) and concreteness (M = 6.86, SD = .29) to increase the likelihood that an event could be generated, and also so that all words could be used in all conditions in a counterbalanced design (i.e., only imageable words can be used in the control task; see below). The cue words were randomly divided into five lists of twenty-five words and Analyses of Variance (ANOVA) confirmed the lists did not differ significantly in frequency, F (4, 120) = .26, p = .90, imageability F (4, 120) = .56, p = .69 or concreteness F (4, 120) = .33, p = .86. The word lists cycled through conditions (one list for past events, one for future events and three for the control task), and each participant was randomly assigned to a version.
Experimental tasks
The paradigm used here is a variation of that used in our previous study , with increased trial lengths as piloting revealed that older adults felt time-pressure when the trial length was 20 s as per our original paradigm (however, despite this increase, we focused our analyses on the initial 20 s). Prior to scanning, detailed instructions for each task and examples of specific events were provided. Participants completed 6 practice trials (2 for each condition) aloud, so that we could confirm task understanding and compliance. Discussion and feedback on task performance were provided to ensure task instructions were fully understood (i.e., what constituted a specific event) and participants did not undergo scanning unless it was ensured that this was the case. Moreover, participants were provided with reminders of the task instructions between each scanning run.
In this slow event-related design, participants completed 25 trials of each of 2 autobiographical tasks (past, future). Participants were instructed to generate temporally and contextually specific events, occurring over minutes or hours, but not more than 1 day (e.g., recalling a graduation day or special dinner; imagining a marriage proposal or upcoming anniversary). Future events had to be novel and plausible. Events were to be experienced from a field perspective (i.e., seeing the event from the perspective of being there) rather than an observer perspective (i.e., observing the self in the event from an external vantage point). Each trial began with the display of a cueing slide specifying the condition (remember or imagine an event), a time period (past or next few months) and a cue word for 28 s. Participants made a button press when an event was in mind, and continued to elaborate and flesh-out the event for the remainder of the 28 s.
Participants also completed 25 trials of a control task adapted from Addis et al. (2009) . This task followed the same sequence as the autobiographical tasks, with a cueing slide displayed for 28 s that described the task (i.e., "create sentence, start with smallest"), followed by three cue words. Participants were required to order the three objects named by the cue words in terms of physical size (i.e., a sizediscrimination task), and insert them into the following sentence: "X is smaller than Y is smaller than Z". Thus, this control task construction phase required both the retrieval of information about the objects in order to make the size judgment and the manipulation and integration of this information into a sentence. Once subjects had silently said the sentence to themselves, they made a button-press, and for the remainder of the 28 s they engaged in a semantic elaboration task (focusing on the semantic definition of each of the three words). Requiring the generation of as much detail as possible about these nouns (e.g., their semantic meaning, function and visual features) meant the control elaboration phase was goal-directed in the same way as past and future elaboration. Therefore, by this design, the control task contained processes similar to those recruited during the autobiographical event tasks: retrieval, manipulation and integration of information during construction, a decision that the construction phase is over, making a response, and finally the generation of as much semantic or visuospatial detail as possible for the remainder of the elaboration phase. Each trial was followed by a rating scale for the amount of detail generated (1 = vague; 5 = vivid), displayed for 8 s. A fixation cross was then displayed for a jittered duration (M = 4 s; range 2-6 s).
Data acquisition
Detailed anatomical data were collected on a 1.5T Siemens Avanto MRI scanner using a multiplanar rapidly acquired gradient echo (MP-RAGE) sequence. Functional images (25 coronal oblique slices, 5 mm thick) were acquired at an angle perpendicular to the long axis of the hippocampus in an interleaved fashion using a T2*-weighted echo planar imaging (EPI) sequence (TR = 2000 ms, TE = 23 ms, FOV = 200 mm, flip angle = 90
• ). Note that for one older adult, data from 178 s of one run (four trials) were lost due to a scanner malfunction. Cues were projected on a screen viewed on a mirror incorporated into the head-coil. E-Prime software (Psychology Software Tools, Inc., Pittsburgh) was used for the presentation and timing of stimuli and collection of response data. Responses were made on an MR-compatible five-button box.
Post-scan interview
Immediately following scanning, a detailed post-scan interview was conducted. Cues shown in past and future trials during scanning were presented and participants were asked to describe the event generated during scanning. The specificity of every event was then determined by the experimenter (Williams, Healy, & Ellis, 1999) . Specific autobiographical events were considered to be unique events not lasting more than 1 day that involved the participant; any events that did not meet this definition (e.g., past events that had occurred more than once in the past; future events that had already occurred in the past; non-personal events) were removed from the analysis. To ensure that this classification was made reliably and without bias, approximately half of the events across both groups (640 events) were blinded for group membership, and classified by another experimenter blind to group membership (RPR) and an independent researcher blind to group membership and hypothesis (AH). Reliability was high for both of these raters when compared with the classifications made at the time of the post-scan interview (by DRA); the same classification was given on 93% and 95% of trials; and Cohen's Kappa indicates good (.75) to very good (.84) agreement between raters (Altman, 1991) . During the post-scan interview, participants dated each event (temporal distance), and used 5-point scales to rate the emotional intensity (1 = detached; 5 = highly emotional) and personal significance (1 = insignificant; 5 = highly significant) of each event.
Data pre-processing
All pre-processing of imaging data was performed using SPM2 (Wellcome Department of Cognitive Neurology, London, UK). Standard pre-processing of functional images was performed, including discarding the first four functional images to allow scanner equilibrium effects, rigid-body motion correction and unwarping, slice timing correction, spatially normalization to the Montreal Neurological Institute (MNI) template (resampled at 4 mm × 4 mm × 4 mm voxels) and spatial smoothing (using an 8 mm full-width half maximum isotropic Gaussian kernel).
Data analysis
Data were analyzed using Spatiotemporal Partial Least Squares (ST-PLS), a multivariate technique that identifies whole brain patterns of activity correlating with experimental design (i.e., tasks, groups) across the length of an event (Addis, McIntosh, Moscovitch, Crawley, & McAndrews, 2004; Lin et al., 2003; Lobaugh, West, & McIntosh, 2001; McIntosh, Chau, & Protzner, 2004) . PLS is a robustly validated (McIntosh, Bookstein, Haxby, & Grady, 1996; and widely used analysis technique in cognitive neuroscience, including the study of autobiographical memory (Addis et al., 2004 Burianova & Grady, 2007; Burianova, McIntosh, & Grady, 2010; Spreng, Stevens, Chamberlain, Gilmore, & Schacter, 2010) . PLS has also been widely used to assess age-related changes in neural activity (e.g., Cabeza et al., 1997; Della-Maggiore et al., 2000; Grady, McIntosh, & Craik, 2003; Grady et al., 2010; Rajah & McIntosh, 2008; Stevens, Hasher, Chiew, & Grady, 2008) . The use of this technique is particularly appropriate in aging studies because unlike univariate event-related analyses, ST-PLS is not dependent upon assumptions about the shape and time course of the hemodynamic response function (HRF), and can thus be used to examine neural differences between age-groups wherever they emerge across the duration of the trial. Moreover, ST-PLS typically has increased power relative to univariate approaches McIntosh & Lobaugh, 2004; ; as the entire spatio-temporal pattern (i.e., whole-brain patterns of activity across all TRs entered into the analysis) is assessed in one analytic step rather computing a series of voxelwise statistical tests, correction for multiple comparisons is not required.
For this analysis, we used the non-rotated version of task ST-PLS McIntosh & Lobaugh, 2004; Rajah & McIntosh, 2008) , enabling us to specify a priori non-orthogonal contrasts (as opposed to the data-driven version of rotated ST-PLS that identifies orthogonal latent variables). In the current study, two contrasts (design matrices) were specified. The first contrast ("condition contrast") examined whether both age groups engaged the core network when generating past and future events, and thus specified an effect of autobiographical (past and future) > control task for both groups. The second contrast ("interaction contrast") examined the interaction of the autobiographical > control effect with age-group. Specifically, conditions were weighted to test for opposite condition effects in the two age groups (i.e., autobiographical > control tasks in young; control > autobiographical tasks in older). In this way, we were able to identify brain regions that showed a reduced autobiographical > control effect in older relative to younger adults, or a cross-over interaction (i.e., regions recruited by young adults for the control task and by older adults for the autobiographical tasks).
A data matrix -containing all of the voxels across the length of each event following the onset of each trial (specified as a 10 TR or 20 s temporal window), across all subjects in both groups and all tasks -was constructed. MR signals from all TRs were normalized within trials with respect to the signal at the onset of the trial. The resulting data matrix was then cross-correlated with the contrasts in the design matrix. The dot product of the contrasts with the data matrix was computed, resulting in a matrix of voxel saliences. The weighted value of a salience can be either positive to negative, depending on whether the voxel exhibits a positive or negative relation to the specified contrast of conditions. In other words, voxels in which activity (increases or decreases) is associated with a negatively weighted condition(s) (and other voxels showing the same pattern) will have negatively weighted saliences.
For each a priori contrast, the non-rotated analysis produced a series of dot product images (one for each 2 s TR) that displays the relative increases and decreases in whole-brain activity related to the positively and negatively weighted conditions. Moreover, brain scores for each condition in each contrast for each subject were also derived; these scores are analogous to factor scores in a factor analysis, as they indicate how much of the spatiotemporal brain pattern is expressed by a subject within a condition. Brain scores can be used in a number of ways. Examination of average brain scores for each condition (mean centered across groups) with confidence intervals indicates how reliably each condition in each group contributes to the spatiotemporal pattern associated with the contrast (if the confidence interval crosses zero, a condition is considered to not contribute reliably to the pattern) and whether groups express the pattern to differing degrees (if the confidence intervals of the groups do not overlap). Moreover, examining average brain scores across the TRs comprising the event (temporal brains cores) enables identification of the TR(s) at which the differentiation between conditions is maximal.
The statistical significance of each non-rotated contrast was determined using permutation testing (500 permutations were computed), conducted using the sums of squares of the dot product images, which is equivalent to the 'singular value' -the amount of covariance accounted for by the contrast (McIntosh & Lobaugh, 2004) . This procedure involved randomly re-ordering the data matrix rows, re-running the non-rotated analysis, and determining the new singular value for each re-ordering. Thus, significance reflects the probability based on the number of times the singular value from the permuted data exceeds the original singular value (McIntosh et al., 1996) . A threshold of p ≤ .05 was used. Note that unlike univariate analyses, the significance of whole brain patterns of activity is determined in one single analytic step and thus correcting for multiple comparisons is not necessary. Fig. 1 . The average brain scores (mean-centered across groups) with 95% confidence intervals for control and autobiographical (past and future) tasks in young and older adults associated with the condition contrast (autobiographical > control tasks). Brain scores are a weighted average of activity across all voxels associated with particular conditions. This contrast was significant (p < .001). Con = Control task; Fut = Future task; Past = Past task.
The reliability of the voxel saliences was computed in an independent step using bootstrap estimation of the standard errors. This procedure involves randomly resampling subjects with replacement, and computing the standard error of the saliences after a number of bootstrap samples (McIntosh et al., 1996) . In the present study, this sampling and analysis procedure was carried out 300 times. Clusters of 5 or more voxels in which bootstrap ratios were greater than ±3 (roughly equal to a z-score, and a p-value of <.003), were considered to represent reliable voxels (Addis et al., 2004) . Note that for the main effect of condition, the effect was so robust, most of these saliences survived a more conservative threshold of 4.0 (roughly equivalent to a p-value of <.0001), and for brevity only these saliences are reported here (Addis et al., 2004) . Confidence intervals (95%) for the mean brain scores (collapsed across all TR) in each condition and each group also were calculated from the bootstrap (see Figs. 1 and 4) .
Follow-up behavior ST-PLS analyses were also computed. This form of ST-PLS analyzes the correlations between a behavioral measure and neural activity across the brain. In this case, three behavioral PLS analyses were computed, one each for different phenomenological ratings (detail, emotionality, personal significance). Data from the past and future conditions from both groups were entered into each of these analyses. Correlations across participants between activity in all brain voxels and behavior (ratings) for the past and future conditions within each condition for each group are computed (brain-behavior correlation matrix) and PLS is then used to contrast these correlations across conditions and groups. Resulting brain scores reflect the strength of the correlation between the phenomenological rating and the spatiotemporal pattern of activity. Voxel saliences indicate how strongly a particular voxel is associated with the behavior (rating) as well as other voxels exhibiting the same correlation. Statistical significance and reliability is assessed in the same way as task ST-PLS, described above. In this analysis, clusters of 5 or more voxels in which bootstrap ratios were greater than ±2 (roughly equal to a z-score, and a p-value of <.045), are reported. Temporal brain scores (average activation across the brain weighted by the contrast) were examined to identify the TR(s) in which the contrast was maximally evident (e.g., there was maximal differentiation between autobiographical and control tasks for the condition contrast). The peak voxel from each cluster (i.e., the voxel showing the highest bootstrap ratio) active during the maximal TRs are reported. HRFs from peak voxels of regions of interest evident at these TRs were extracted and plotted, to illustrate the effects indicated by the LVs.
Results
Trials entered into analyses
Only successfully completed trials were included in the analyses. For autobiographical events, this included trials on which participants successfully generated a specific autobiographical event, as indicated by collection of reaction time (RT) during scanning, described the event during the post-scan interview, and the event being classified as specific. Additionally, trials for which the reaction time was excessively fast (i.e., within 3 s) were excluded from analysis given that much slower RTs are typical for this task.
There was no group difference in the number of control trials contributed to the analyses (Young, M = 23.50, SD = 3.94; Older, M = 21.71, SD = 5.11; p = .31). However, older adults generated significantly fewer specific past and future events than younger adults, F (1, 26) = 42.77, p < .001. On average 27% (SD = 14.81) of autobiographical events generated by older adults were generic in contrast to 1.62% (SD = 1.65) of events generated by younger adults. Because this group difference in bin size could result in a bias in the analyses with older adults having just over 2/3 the number of autobiographical events than young adults, we randomly selected a subset of events for each younger participant to match a randomly selected older participant. The resulting bin sizes did not differ significantly across groups (Past: Young, M = 14.92, SD = 4.00, Older, M = 14.71, SD = 4.03; Future: Young, M = 12.36, SD = 5.67, Older, M = 12.79, SD = 5.55).
Behavioral results
A mixed-model ANOVA of RT data (presented in Table 1 ) indicated there was no significant effect of condition (p = .09), and no significant effect of group (p = .12). However, there was a significant group × condition interaction, F (2, 43) = 7.43, p = .003, reflecting significantly longer RTs for the control condition for older relative to younger adults.
The estimated temporal distance, percentage of generic events and phenomenological ratings for the past and future trials are also presented in Table 1 . For temporal distance, there was no significant effect of group (p = .24), condition (p = .06) or a significant group × condition interaction (p = .28). However, the high variance in temporal distance of past events for the older adults (see Table 1 ), and the trend towards a significant effect of condition, was largely attributable to three participants that had 1 or 2 past events that were over 10 years from the present.
Consistent with a previous behavioral study ) there was no age-related difference in subjective ratings of detail (p = .90). Older adults did, however, rate events as higher in emotional intensity, F (1, 26) = 4.48, p = 04, and personal significance, F (1, 26) = 6.16, p = 02, than did young adults. Although there were not significant main effects of condition (p-values > .06), past events were rated as more detailed that future events, and future events rated as more emotional and significant than past events. No interaction effects were significant (p-values > .18).
Non-rotated ST-PLS -condition contrast
The contrast of autobiographical (past and future) tasks relative to the control task was significant, p < .001, explaining 30.49% of crossblock covariance. Examining the average brain scores with confidence intervals (Fig. 1) confirmed that all conditions across both groups reliably contributed to this overall pattern, and there was no evidence of a group difference in the extent to which the groups expressed the autobiographical > control effect. Thus, the whole-brain patterns of activity associated with the autobiographical tasks and for the control task were evident in both groups to a similar degree. Examination of temporal brain scores indicated that the differentiation of autobiographical and control tasks was maximal during TRs 5 and 6, 8-12 s after task onset. This temporal pattern is also reflected in the brain activity associated with the autobiographical tasks occurring during TRs 5 and 6 in the majority of regions (as indicated in Fig. 2) .
The positive saliences associated with the autobiographical tasks are listed in Table 2 and shown in warm colors in Figs. 2 and 3A. Young and older adults engaged a network of regions during both past and future events: bilateral medial parietal cortices (including posterior cingulate, precuneus and retrosplenial cortex extending into cuneus), lateral parietal cortex, medial temporal lobes including bilateral hippocampus and parahippocampal gyrus, lateral temporal cortex, and medial prefrontal cortex (including bilateral frontal poles). Examination of the HRFs extracted from regions comprising this network (see Table 2 for regions and coordinates; signal from selected regions are plotted in Fig. 3A ) illustrate the pattern identified by this LV: that both young and older adults show increased activity for autobiographical tasks relative to the control task. The brain scores also indicate that young adults recruit this network more strongly for future than past events, but older adults do not show this differentiation between the two autobiographical tasks. Although not evident in all regions, this future > past effect in the young is illustrated in the HRF data extracted from the precuneus.
A distinct network of regions, including aspects of the dorsal attention network, was recruited by the control task relative to the autobiographical tasks, and again this pattern was evident in both young and older adults. The negative saliences associated with the control task are listed in Table 2 and shown in cool colors in Fig. 3B . This pattern included primarily posterior visuospatial and semantic regions, such as bilateral middle occipital gyri, cuneus, inferior and superior parietal lobule, and bilateral inferior temporal gyri, as well as right middle frontal gyrus. The brain scores suggest that the older adults express this pattern more strongly than young adults (as Fig. 2 . The brain regions identified by the condition contrast; activation associated with the autobiographical tasks (warm colors) and the control task (cool colors) is shown superimposed over a standard anatomical template and divided into 2 s TR (TRs 3-10 are shown). Images are thresholded using a bootstrap ratio of ±4 (equivalent to p < .0001). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.) Only clusters evident at least during TR 5 and TR 6 are shown here. For each cluster, the TRs of activation are noted, and the peak of activation (from which the bootstrap ratio and coordinates are taken) is indicated by an asterisk. Bootstrap ratios were greater than ±4 (roughly equivalent to a p-value of <.0001), and had a spatial extent of at least 5 voxels (4 mm × 4 mm × 4 mm). BA = Brodmann area; BSR = Bootstrap ratio; L = left; R = right. a Extends into right hippocampus. b Extends into precuneus, posterior cingulate, retrosplenial cortex. c Extends bilaterally.
evidenced by non-overlapping confidence intervals for the young and old in the control condition), and indeed, some of these regions were certainly more strongly engaged by older than younger adults (e.g., right inferior temporal gyrus). Notably, despite the fact that the mean RT for the control condition was significantly slowed in older relative to younger adults (by approximately 2.8 s), there did not appear to be any delay in the older adult's HRF in the control condition relative to young adults (Fig. 3B) . Even so, it is still possible that the delayed RT could have influenced the current results. According to McKiernan, D'Angelo, Kaufman, and Binder (2006) , increasing task difficulty is associated with increasing deactivations, including some regions of the core (default) network. If the slight delay in older adults' RT reflects an increase in task difficulty, it is possible that the HRF associated with the control task in older adults is artifactually decreased, thereby inflating the neural distinction in the core network between the autobiographical and control tasks. In effect, this could result in the neural activity of older adults mapping more closely onto that of younger adults. It is notable that in many regions, such as the frontal poles and precuneus, older adults are actually showing increased activation in response to the control task, suggesting that artifactual deactivation is not underlying the autobiographical > control task effect in this group, at least not in all regions. However, to more definitively rule out this possibility, we correlated brains scores for the control condition with average control task RTs for each subject (Grady et al., 2003) . Correlations were run collapsed across group, and separately for each group, but none of these correlations were significant (both groups, r = −0.20; p = 0.31; young group, r = −0.38, p = 0.18; older group, r = 0.09, p = 0.77). Moreover, we confirmed that RT did not correlate with control task activity in medial temporal regions of interest for young (all p-values > .271) or older (all p-values > .637) groups.
Non-rotated ST-PLS -interaction contrast
The interaction of the autobiographical > control effect with agegroup was significant as determined by permutation tests (p = .05), accounting for 23.82% of the crossblock covariance. As the average brain scores with confidence intervals show (Fig. 4) , both groups reliably contributed to this interaction pattern. Although the brain scores show that the control condition in older adults does not contribute to this pattern, critically this LV indicates that young and older adults engage different regions during the past and future tasks. This interaction was evident in two ways: (1) there were regions recruited by younger adults during autobiographical events that were not recruited by older adults; and (2) during the autobiographical tasks, older adults engaged regions that were activated by young adults, but during the control task. Interestingly, these interaction patterns emerged at different time points.
Within the temporal window of the main effect of condition (TRs 4-6), the interaction effect for positive saliences was maximal, peaking at TR 5. These positive saliences (listed in Table 3 and shown in warm colors in Figs. 5 and 6A) were associated with regions engaged by the young (but not older) adults for the autobiographical tasks relative to the control tasks, including bilateral precuneus, hippocampus, caudate and thalamus, left parahippocampal gyrus, middle temporal, angular and middle frontal gyri. As is evident in the HRF data included in Fig. 6A to illustrate this effect, young adults showed an autobiographical > control task effect in these regions, while older adults show much less, if any, differentiation between these tasks. Additionally, the brain scores indicate that young adults engage these regions to a greater degree during the future versus past task. Although this pattern is not clearly evident in the medial temporal HRF data shown in Fig. 6A , it is evident in other regions including the precuneus (as shown in Fig. 3) . The negative saliences (listed in Table 3 and shown in cool colors in Figs. 5 and 6B) were associated primarily with regions in which older adults activated for the autobiographical tasks relative to the control task. In contrast, young adults either showed a reduced effect, no effect, or the opposite (control > autobiographical) effect in these regions (see Fig. 6B for HRF data illustrating these different patterns). This particular interaction effect was evident later in the trial during TRs 6-10 (12-20 s after task onset) and peaking at TR 9. Thus, this effect mapped onto the elaboration phase of the trial (approximately 6-14 s after the average RT marking the beginning of elaboration). Regions with negative saliences included bilateral posterior visuospatial regions (e.g., inferior occipital, lingual and fusiform gyri, cuneus), lateral temporal and parietal cortices, right medial temporal lobe (including right hippocampus, parahippocampus gyrus and uncus) and right middle/inferior frontal gyrus. The brain scores indicate that, like young adults, older adults engage their network more for future than past events, although this trend did not reach significance (as the error bars are overlap to a degree). However, this future > past pattern is evident in the older adults' HRF data plotted in Fig. 6B .
Phenomenological ratings and neural activity
In order to determine whether the observed age-differences in neural activity were related to differences in the phenomenology of past and future autobiographical events, we conducted a series of Note. All clusters reported were active during TR 5 and TR 9, though these regions may have been active for more TRs (listed) and activation may have peaked outside these TRs of interest. The peak of activation (from which the bootstrap ratio and coordinates are taken) is indicated by an asterisk. Bootstrap ratios were greater than ±3 (roughly equivalent to a p-value of <.003), and had a spatial extent of at least 5 voxels (4 mm × 4 mm × 4 mm). BA = Brodmann area; BSR = Bootstrap ratio; L = left; R = right. a Extends bilaterally. Fig. 4 . The average brain scores (mean-centered across groups) with 95% confidence intervals for control and autobiographical (past and future) tasks in young and older adults associated with the interaction contrast (autobiographical > control tasks in young; control > autobiographical tasks in old). Brain scores are a weighted average of activity across all voxels associated with particular conditions. This contrast was significant (p = .05). Con = Control task; Fut = Future task; Past = Past task.
follow-up behavioral PLS analyses. The behavioral PLS analyses for emotionality and personal significance ratings were not significant. However, the behavioral PLS analysis for detail resulted in a significant LV (p = .006), explaining 41.39% of the crossblock covariance. This LV indicated that while the regions associated with detail ratings did not differ across autobiographical event type (i.e., past and future), they differed significantly between young and older adults. Specifically, detail ratings were associated with one set of regions in young adults (past detail, r = −.85; future detail, r = −.92; note these regions were assigned negative saliences, thus negative correlations reflect a positive correlation of activity with detail), and a distinct set of regions in older adults (past detail, r = .51; future detail, r = .57; see Fig. 7A ). For brevity, we report patterns that emerged in TRs 5 and 9, given the aim of this behavioral PLS analysis was to explore whether the interaction pattern that emerged in these TRs was related to detail (see Table 4 ). At TR 5 (Fig. 7B) , young adults exhibited positive correlations between detail ratings for past and future events and activation in an extensive network of regions, including right superior parietal lobule, right temporal pole, left lateral temporal cortex, and left middle and inferior frontal gyri. Notably the clusters reported in Table 4 extended into a number of regions relevant with respect to episodic detail: bilateral hippocampus Fig. 5 . The brain regions identified by the interaction; activation associated with an autobiographical > control task effect in young but not old (warm colors) and an autobiographical > control task in old but not young (cool colors) is shown superimposed over a standard anatomical template and divided into 2 s TR (TRs 3-10 are shown). Images are thresholded using a bootstrap ratio of ±3 (equivalent to p < .003). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.) (xyz = −20 −32 −4; 20 −36 −4), right precuneus (xyz = 4 −60 44) and cuneus (xyz = 8 −76 20). However, for older adults, detail ratings were correlated with a distinct and more limited set of regions during TR 5: left inferior frontal gyrus, left thalamus (extending into retrosplenial cortex), left temporal pole, right insula and right cerebellum. A similar pattern emerged at TR 9 (Fig. 7C) , with detail ratings in young adults again correlating with activity in regions including medial parietal cortex (e.g., retrosplenial cortex extending into the precuneus), cuneus, medial temporal lobes (left parahippocampal gyrus, uncus), left lateral temporal cortex, and left middle frontal gyrus. In contrast, older adults continued to exhibit correlations in a more limited set of regions, such as left anterolateral temporal cortex, right insula and cerebellum.
Discussion
Our results indicate that when remembering and imagining, older adults activate many of the same regions evident in young adults Botzung et al., 2008; Okuda et al., 2003; Szpunar et al., 2007; Weiler et al., 2010a) . The network common to both age groups included regions comprising the core network: bilateral medial and lateral parietal cortices, medial temporal (including hippocampus) and lateral temporal lobes, and frontopolar cortex. Recruitment of this network by older adults is broadly consistent with previous findings that the past and future events generated by older adults are not completely devoid of episodic detail: although older adults show a significant reduction in episodic content relative to younger adults, they do not perform at floor levels, generating approximately 30-40 episodic details per event (for a review, see Schacter, Gaesser, & Addis, 2010) .
Despite common engagement of this network by both young and older adults in this study, and previous observations that the network engaged by older adults during remembering and imagining is qualitatively similar to that evident in young adults (Viard et al., 2011) , our interaction analysis revealed that neural activity was not equivalent across age-groups in all regions. Moreover, by combining spatiotemporal partial least squares with a paradigm requiring the active construction of past and future events from generic cues, we were able to assess whether group differences in whole brain patterns of covariance emerged at particular times during the construction and elaboration process.
During construction, the interaction effect reflected a set of regions in which young adults exhibited an autobiographical > control task effect, while older adults showed reduced or no differentiation between these tasks. This age difference was evident in regions mediating episodic imagery, detail and the contextual content of autobiographical events in young adults: the hippocampus , parahippocampal cortex (Szpunar, Chan, & McDermott, 2009 ) and the precuneus (Fletcher et al., 1995; . In line with this finding, we also found that detail ratings correlated with activity in these regions in young, but not older, adults. Instead, detail ratings from older adults correlated with construction-related activity in left inferior frontal gyrus, left thalamus (extending into retrosplenial cortex), left temporal pole and the right insula. . Images of activation are superimposed over a standard anatomical template and thresholded using a bootstrap ratio of ±3 (equivalent to p < .003). The crosshair indicates the location of this peak voxel, and the grey bar on the plot indicates the TR from which these peak voxels were identified (TR 5 or TR 9). BA = Brodmann area; L = left; R = right. (For interpretation of the color key in this figure, the reader is referred to the web version of the article.)
Taken together, these findings suggest that during construction, functional changes in precuneus and medial temporal regions may be related to age-related decreases in the episodic qualities of autobiographical events , and that the detail generated by older adults relies on a distinct set of regions.
With respect to the hippocampus, although this age-related decrease contrasts with previous findings of hippocampal activity in older adults during both past event retrieval (Maguire & Frith, 2003; St. Jacques et al., in press; Viard et al., 2007) and future event simulation (Viard et al., 2011) , this apparent inconsistency likely reflects methodological differences. The current paradigm required participants to actively construct past and future events from generic cues, rather than retrieve events associated with personalized stimuli as in these other studies (Maguire & Frith, 2003; Viard et al., 2007 Viard et al., , 2011 . The provision of personal cues may reduce the need for construction -a notable methodological difference, given that in the current study, age-related reductions in hippocampal activity emerged early during the construction phase.
Despite showing decreased engagement of some regions in the core network during the autobiographical tasks, older adults also showed increased activation of a number of regions relative to younger adults. These effects emerged later in the trial, during the elaboration phase when participants were instructed to flesh out their generated event with as much detail as possible. There was also an indication both in the brain scores and the HRF data that older adults showed a future > past effect (albeit non-significant) in Note. All clusters listed here were active during TR 5 and TR 9, and for each cluster, the bootstrap ratio and coordinates from the peak voxel are reported. Bootstrap ratios were greater than ±2 (roughly equivalent to a p-value of <.045), and clusters had a spatial extent of at least 5 voxels (4 mm × 4 mm × 4 mm). BA = Brodmann area; BSR = Bootstrap ratio; L = left; R = right. this network, an effect evident in the network recruited by young adults both in the current and other studies (see Addis et al., 2011 , for a discussion). Although non-significant, this pattern does suggest that even when a particular population recruits an alternate network to complete autobiographical event tasks, the future task still requires more activation of that network for task completion. One of the most interesting findings was a late recruitment of the right hippocampus in older adults. Although young adults engaged the right hippocampus during construction, older adults differentially activated this region during elaboration. This difference in latency of activation cannot be explained by RT, as the groups did not differ in RT for the autobiographical tasks. It is also unlikely to reflect hemodynamic factors; it has been shown the hemodynamic response is not significantly delayed in older adults (Aizenstein et al., 2004; Huettel, Singerman, & McCarthy, 2001) , and thus a lag of 8 s (4 TRs) seems an unlikely cause of this difference. A more plausible interpretation is that older adults exhibit differential hippocampal engagement during elaboration. Interestingly, this result is consistent with Maguire and Frith's (2003) finding of an age-related increase in right hippocampal activity in an autobiographical task that did not require construction and thus can be considered to focus on elaboration. Therefore, the current analysis revealed that the stage of event generation (construction versus elaboration) is crucial to understanding these age-related Regions in which activity correlated with detail ratings are shown in blue for young adults and red for older adults. At TR 5, regions correlated with detail in young included right lateral prefrontal and parietal cortex (left), bilateral hippocampus and right lateral temporal cortex (middle), and left medial parietal cortex and cerebellum (right). In older adults, detail correlated with insula (left) and retrosplenial cortex (right). (C) At TR 9, brain regions correlated with detail included left lateral temporal cortex for older adults and cerebellum for young adults (left) and left medial parietal cortex for young adults (right). Images of activation are superimposed over a standard anatomical template and thresholded using a bootstrap ratio of ±2 (equivalent to p < .045). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.) differences in medial temporal activity, with age-related reductions during construction and age-related increases during elaboration. However, even though older adults engage the hippocampus during the autobiographical tasks, this activity did not correlate with detail ratings, in contrast to the correlations between constructionrelated hippocampal activity and detail in young adults.
Of particular note was the differential recruitment of lateral temporal regions by older relative to younger adults, including left temporal pole (BA 20) and right superior temporal gyrus (BA 22) . In these regions, young adults either showed no differentiation between the autobiographical and control tasks, or more activity for the control task. Interestingly, a recent meta-analysis examining age-related changes in neural activation found that older adults showed a reliable increase in one of these same regions (left anterior BA 20) across 12 studies of memory retrieval (Spreng, Wojtowicz, & Grady, 2010) . Thus, this region is likely recruited more by older than younger adults during mnemonic tasks such as retrieval of specific autobiographical memories, as well as tasks that draw on mnemonic processes, such as future simulation . Viard et al. (2011) found that in older adults, lateral temporal cortex was associated with the content of future events, which they argue reflects the semantic content of event representations. We expand this finding to show that older adults differentially engage these regions relative to younger adults, and that this effect is specific to the elaboration phase of autobiographical events. Moreover, older adults' subjective detail ratings correlated with activity in lateral temporal regions. Given the association of this region with conceptual autobiographical information (Graham, Lee, Brett, & Patterson, 2003) , these findings can be considered consistent with behavioral studies showing that older adults include more conceptual detail in descriptions of specific events . It also suggests that detail ratings by older adults may have been based on the conceptual content of their events, which may also explain why their detail ratings correlate with a set of regions distinct from young adults, even during construction. Interestingly, Burianova et al. (2010) observed that the network supporting both autobiographical and semantic memory included middle temporal gyrus and temporal pole, and argued that retrieval of semantic knowledge supported by these regions is important for all forms of declarative memory including autobiographical memory. In that study, which also used PLS, lateral temporal regions were functionally connected with the hippocampus. In the present PLS study, older adults showed a pattern of connectivity during future elaboration that involved the same regions: the right hippocampus and lateral temporal regions. However, further work is needed to directly link these neural changes with age-related changes in the type of details comprising autobiographical event representations.
These neural differences could also reflect, at least in part, a more general difference in the way older adults approach autobiographical tasks such as this. For instance, older adults rated their future simulations as more emotional (see also Addis et al., , 2010 and personally significant than did younger adults. It is likely that there are also other ways in which older adults' future thought differs qualitatively from their younger counterparts (see Schacter et al., 2010 , for more discussion of this issue). More research exploring such age-related changes -and linking them with neural changes -is also needed.
To conclude, although both young and older engage the same network during the construction of past and future events, there are some crucial differences. During the construction of autobiographical events, older adults show less activation relative to younger adults in regions supporting episodic detail, such as the medial temporal lobes and precuneus. However, later in the trial, older adults show differential recruitment of a network of medial and lateral temporal regions supporting the elaboration of autobiographical events, and possibly reflecting the more conceptual way in which older adults describe their pasts and their futures.
